Abstract: The morphologies of 15 rare chlorococcalean algae, i.e. three species of the Characiaceae [Hydrianum crassiapex Korshikov, H. viride (Scherffel) H. Ettl, Characiellopsis skujae (Fott) Komárek], four taxa of the genus Pediastrum Meyen [Pediastrum privum (Printz) E. Hegewald, P. duplex Meyen var. rugulosum Raciborski, P. angulosum (Ehrenberg) ex Meneghini, Pediastrum biradiatum Meyen], a radiococcalean alga Phacomyxa sphagnicola Skuja, Pseudodictyosphaerium fluviatile (Hindák) Hindák from the Dictyosphaeriaceae, three representatives of the family Oocystaceae (Amphikrikos minutissimus Korshikov, Gloeotaenium loitlesbergianum Hansgirg, Chlorolobion obtusum Korshikov) and three species of the genus Scenedesmus Meyen (S. ginzbergeri Kammerer, S. incrassatulus Bohlin, S. parisiensis Deflandre), are documented by drawings and micrographs and their taxonomy is discussed. Of these, Hydrianum viride, Pediastrum duplex var. rugulosum, Scenedesmus ginzbergeri and S. parisiensis are recorded for the first time in Slovakia.
Introduction
Within the algal flora of Slovakia project, special attention has been paid to the phytoplankton and phytobenthos diversity of the Danube and Morava rivers (cf. Hindák 2004; Hindák & Hindáková 2004) , and of small shallow man-made water bodies such as gravel and sand pit lakes within the city limits of Bratislava (cf. Hindák & Hindáková 2004) . Occasionally, samples from dystrophic waters, mainly from peat-bogs, have also been analysed. In spite of many studies devoted to the diversity and taxonomy of algae in these habitats, there are still many unanswered questions. Many of these relate to the fact that knowledge of the morphological variation of cells and colonies during their life cycles and, consequently, of their exact position in the taxonomic system is insufficient.
In this contribution 15 rare taxa of chlorococcalean are presented, including four that are new records for the algal flora of Slovakia [Hydrianum viride (Scherffel) H. Ettl, Pediastrum duplex Meyen var. rugulosum Raciborski, Scenedesmus ginzbergeri Kammerer, S. parisiensis Deflandre]. According to our observations, the genus Amphikrikos Korshikov with its type species A. minutissimus should be placed in the family Oocystaceae on the basis of the expanded cell wall of autosporangia. Further, the morphology of solitary cells and young autosporangia in Gloeotaenium loitlesbergianum Hansgirg is described for the first time.
Material and methods
Algal samples were collected from the plankton or periphyton of different types of water bodies, mostly from eutrophic running waters (e.g., the Morava and Danube rivers and their oxbows and inundation lakes in Bratislava and Southern Slovakia) or from stagnant water bodies (mainly from gravel and sand pit lakes in Bratislava or its surroundings in Western and Southern Slovakia). In some cases foreign material was also investigated, originating from Canadian and Finnish lakes, as well as from peat-bogs in Poland (Bor na Czerwionym near Nowy Targ, dystrophic lakes Kuzniczek near Poznań, and Soltys near Warsaw). In Slovakia we studied acidophilic algae from the peat-bog Bor near Suchá Hora in the Oravské Beskydy Mts. A plankton net of 10 µm mesh size was mostly used for phytoplankton samplings. Studies were performed on living material. Light microscope observations were carried out with a Leitz Diaplan microscope, and photomicrographs were taken with a Wild Photoautomat MPS45. Original drawings were usually made from micrographs. Preserved material in formaldehyde is stored at the Institute of Botany SAS, Bratislava. Komárek & Fott's (1983) classification system of the Chlorococcales (Chlorophyceae) is adopted in the algal flora of Slovakia databank.
Results and discussion
A selection of 15 algae belonging to the Chlorococcales sensu Komárek & Fott (1983) is presented below. Taxa found for the first time in the territory of Slovakia (cf. Hindák & Hindáková 1998) are marked with an asterisk (*). Korshikov 1953 (Figs 1-5 ) (synonym: Characiopsis galeata H. Ettl 1956) Cells solitary, ovoid to slightly pyriform, 6-20 × 4-6-(8) µm, attached by very short hyaline brownish stalk, to filaments of Microspora stagnorum (Kützing) Lagerheim. Cell wall strongly thickened into a conical rounded apex. Chloroplast parietal, massive, bright green, without a pyrenoid. One big vacuole in the central or lower part of adult cells, nucleus located near the apex. Protoplast dividing into 4 or 8 parts that are transformed into zoospores, liberated through a lateral aperture below the apical thickening of the wall. Usually one daughter cell remaining within the mother cell wall. Zoospores reported to be biflagellated, elongate, pyriform (Korshikov 1953) , not seen in our material.
Hydrianum crassiapex
This species was described from a peat bog in Kharkov province, Ukraine, and classified in the family Characiaceae (Protococcales = Chlorococcales). The morphology of our specimens from a peat bog Bor near Suchá Hora, Oravské Beskydy Mts, NW Slovakia (leg. Mgr. A. Guttová, PhD., May 25, 2007) is in good agreement with the original description of Korshikov (1953 ), Ettl's (1956 description of a synonymous alga Characiopsis galeata, and Fott's findings from different parts of Bohemia and the High Tatra Mts, Slovakia (cf. Komárek & Fott 1983) . Our record of this species is the second of the territory of Slovakia (Hindák & Hindáková 1998 Fig. 5 ) and another representative of the genus Hydrianum, H. viride. The latter differed markedly from H. crassiapex by its elongated, curved cells with an obtuse apex, measuring 18 × 2.5 µm. The chloroplast was parietal, extending to the ends of the cells, without a pyrenoid. Zoospores were not observed. The species has been described under various names (see synonyms) and has been found in Germany, Austria, Ukraine, Romania, Sweden and the Czech Republic (cf. Komárek & Fott 1983) . Its life cycle, especially the production of biflagellated zoospores, was studied in detail by Ettl (1978) .
Characiellopsis skujae (Fott) Komárek 1979 (Figs 8, 9) (synonyms: Characium obtusum A. Braun sensu Korshikov 1953 and Skuja 1964 ; Characium skujae Fott 1975) Cells solitary, elongated ovoid, narrowing at the base, 24-40 × 12-30 µm, with a short thick stalk, attached by a distinct brown holdfast. Cell walls thick, at the apex with a refractive ring-shaped thickened inclusion. Protoplast in old cells sometimes oval to broadly oval, placed in the central part of widened cell wall (Fig. 8 ). Chloroplast massive, filling the entire cell, with a pyrenoid. Reproduction not observed.
We found this species in the littoral zone of an oxbow of the Danube River in Bratislava-Rusovce, Sept. 2000, and in two peat bogs in Poland, Bor Na Czerwionym near Nowy Targ (S Poland, 2002) and Kuzniczek near Poznań (W Poland, leg. Dr. P. Owsianny, autumn 2002). The cells were attached to filamentous green algae, mostly on Cladophora glomerata (L.) Kützing. This alga is listed as Characium obtusum A. Braun in the checklist of cyanobacteria and algae of Slovakia (Hindák & Hindáková 1998) .
The taxonomy of this species is unclear. According to the original diagnosis and figures given by A. Braun (cf. Brunnthaler 1915) , the most conspicuous and unique feature of this characean alga is a ringshaped refractive inclusion at the apical part of cell wall. The exact shape of the chloroplast in Characium obtusum was depicted neither by A. Braun nor by Korshikov (1953) . It was Skuja (1964) who observed a central asteroid chloroplast, clearly visible particularly in young cells. The shape of chloroplast led Fott (1975) to establish a separate species, Characium skujae Fott. On the basis of the asteroid chloroplast, Komárek (1979) 1915; Komárek & Fott 1983) , in which reproduction by zoospores was also observed. According to Skuja (1964) , the shape of chloroplast in Characiellopsis skujae is asteroid, as is most clearly seen in young cells. However, the chloroplast in adult and especially old cells covers all peripheral parts of the cells and therefore no asteroid structure is discernable, and sometimes no pyrenoid can be seen (Fig. 9) . However, an apical ring on the cell wall is well visible during its entire life cycle. These observations suggest to us that it is best either to retain the name Characium obtusum A. Braun for this species, or to assign it to a new genus.
Pediastrum privum (Printz) E. Hegewald in E. Hegewald et Schnepf 1979 (Figs 10, 11) (basionym: Pediastrum integrum var. privum Printz 1913) Four-celled coenobia with a more or less square shape, up to 15 µm diagonally, eight-celled coenobia more or less circular, up to 22 µm in diameter, without gaps between cells. Marginal cells tri-to pentagonal, on the outer side with shallow concavity, inner cells pentaor hexagonal, with straight sides. Chloroplast parietal, with a pyrenoid. Zoospore release pores elongated, located centrally in empty zoosporangial cells.
According to Komárek & Fott (1983) and Komá-rek & Jankovská (2001) , this species is characterized by a boreo-alpine distribution. It has been observed in northern countries of the temperature zone up to subarctic regions of Europe and Canada, and also in high mountain lakes in Peru (Hegewald & Schnepf 1979) . We found it in plankton samples from central Canada, Manitoba, South Indian Lakes (leg. Dr. H. Kling, summer 1987, Fig. 10 ). In Slovakia, this species has been recorded only once in the plankton of the Danube River in Bratislava (Hindák 2004 ; Fig. 11 ), apparently representing material that had drifted into an upstream part of river from an Alpine lake in Austria. or more in diameter, with gaps between cells and with a mucilaginous layer. Cell walls finely and ± regularly granulated. Cells to 25 µm in diameter.
*Pediastrum duplex
Our material differs from the type variety of the species by the granulated cell walls that are clearly visible especially in empty cells. The alga was commonly found in the littoral of oxbows of the Danube and Morava rivers; illustrated coenobia came from the periphyton of the Číčovské mŕtve rameno, an oxbow of the Danube in S Slovakia.
Pediastrum angulosum (Ehrenberg) ex Meneghini 1840 (Figs 14, 15 ) Coenobia 32-64-(128)-celled, circular, oval or irregular in shape, up to 300 µm in diameter, without gaps. Cells of P. boryanum-type, but additionally with irregular net-like sculpture on the cell walls.
The species is conspicuous by a superficial netlike layer on the cell wall. It has been recorded rarely, but has a cosmopolitan distribution (Komárek & Fott 1983) . In Slovakia, we found it in the periphyton of stagnant waters, especially in gravel pit lakes and oxbows (Hindák & Hindáková 1998 , 2008 . The coenobium shown in Fig. 14 came from the Číčovské mŕtve rameno oxbow situated near the Danube, S Slovakia (Hindák & Hindáková 1998 , 2003 , 2004 , 2008 , the coenobium on It occurs sporadically in the plankton and periphyton of lakes and rivers. In Slovakia it was found in the Danube and Morava rivers and in gravel pit lakes near Bratislava (Hindák & Hindáková 1998a ,b, 2003 , 2004 Colonies spherical to irregular plates, 4-16-celled, rarely more-celled or in diads, embedded in a wide, hyaline mucilaginous envelopes, up to 50 µm in diameter. Cells globose, semiglobose or slightly angular, 6-8-(10) µm. Chloroplast parietal, without a pyrenoid. Reproduction by binary cell divisions in a plane that is perpendicular to that of the previous division.
The fate of the mother cell walls after the protoplast division is not known, thus the exact taxonomic position of the alga is unclear. According to Komárek & Fott (1983) , the mother cell wall gelatinizes, and therefore they assigned it to the family Radiococcaceae. The species Dispora speciosa Korshikov 1953 and D. crucigenoides Printz sensu Korshikov 1953 are synonymous with Phacomyxa sphagnicola, since the type species of the genus Dispora Printz, D. crucigenoides Printz, has cells composed of two parts as in the genus Radiofilum Schmidle.
The species has been found in dystrophic lakes of many Central European and Nordic countries (see Komárek & Fott 1983) . Our material originated from peat bogs in Poland, i.e. Kuzniczek near Poznań (leg. Dr. P. Owsianny, 2003) and Soltys in Central Poland (leg. Prof. G. Tomasiewicz, 2003) . (Hindák 1978 ) Hindák 1978 (basionym: Dictyosphaerium fluviatilis Hindák 1978) Colonies spherical to broadly oval, up to 120 µm in diameter, with cells ± densely adjoined at the ends of dichotomously arranged cell wall halves. Adult cells spherical, young cells broadly oval, hemispherical to spherical, 6-8 µm in diameter. Chloroplast parietal, trough-shaped, with a naked pyrenoid. Small to relatively large drops of oil are conspicuous within the protoplast. Autospores two, released by longitudinal division of the mother cell wall into two halves.
Pseudodictyosphaerium fluviatile
This taxon differs from other species of Pseudodictyosphaerium Hindák 1978 and Dictyosphaerium Nägeli 1849 by the formation of two autospores, and from the latter genus by the absence of a starch associated pyrenoid in the chloroplast (Komárek & Fott 1983) . Korshikov 1953 (Figs 26-31, 57) Cells solitary or arranged in 4-8-celled autosporangia, with indistinct hyaline mucilaginous envelopes, 10-15-(35) × 6-12-(23) µm. Cells short cylindrical to cylindrical-oval, 5-7 × 2-3.5 µm, with conically to shortly attenuated ends and with a ring of irregular brown granules at both poles. Chloroplast parietal, with a pyrenoid. Autospores 4-8, from the onset arranged closely together in expanded mother cell walls.
Amphikrikos minutissimus
The genus Amphikrikos was originally described with one species, A. minutissimus, but later three other species were established (Hindák 1977 , 1988 , Komárek & Fott 1983 . The genus was considered by Korshikov (1953) as a member of the Oocystaceae family, but Hindák (1977) and Komárek & Fott (1983) placed it in the family Chlorellaceae on the basis, that the mother cell walls do not markedly expand before liberation of autospores. In view of the fact that in the type of the genus, A. minutissimus, the autospores are released by rupture of a non-expanded mother cell wall, Hindák (1977) erected two new oocystacean genera, i.e. Granulocystis for taxa with granulation covering the whole surface of the cell walls, and Granulocystopsis for algae with strictly localized cell wall ornamentations.
The observations presented here lend support for a transfer of the genus Amphikrikos with the type species A. minutissimus to the family Oocystaceae, as the cell walls of autosporangia expanded considerably before liberation of autospores. A similar observation was made by Comas (1986) in Amphikrikos hexacosta (Thompson) Hindák which led to its assignment to the genus Granulocystopsis, family Oocystaceae. However, the taxonomy of all mentioned genera required further studies which should also include ultrastructural and molecular methods.
Amphikrikos minutissimus was recorded from the plankton of rivers and gravel-pit lakes in Bratislava (Devín, Štrkovec, etc.) .
Gloeotaenium loitlesbergianum Hansgirg 1890 (Figs 32-39)
Colonies/autosporangia oval to elliptical, 2-celled up to 60 × 40 µm, 4-celled up to 60 µm in diameter, free, with broad hyaline mucilaginous envelopes. Cells broadly asymmetrically oval, 18-35 × 15-20 µm, in colonies separated each other by a hyaline or grey to black stratified layer of the mother cell wall in form of a transverse band (in 2-celled colonies) or a diagonal cross (in 4-celled colonies) containing calcite crystals on the surface. In addition, a small accumulation of the same structure and colour is observed at the ends and sides of the colony. Cell wall thick, conspicuously enlarged and longitudinally stratified in young autosporangia (Figs 38, 39) . Chloroplast massive, parietal, in young cells asteroid, with a large starch-associated pyrenoid. Reproduction by autospores. Autospores after releasing from the mother cell wall solitary, asymmetrically oval, with longitudinally arranged long and thin calcite crystals on the surface (Figs 35, 36) and with a distinct hyaline mucilage.
According to Komárek & Fott (1983) , this species has a cosmopolitan distribution but is more common in tropical than in temperate zones. The illustrated specimens were collected from the littoral of the Číčovské mŕtve rameno -oxbow near the Danube, S Slovakia (Hindák & Hindáková 1998b , 2008 . The species was also observed in similar small water bodies elsewhere in this region (Hindák 2004 This species resembles S. obliquus (Turpin) Kütz-ing, but differs by cells alternating only slightly in single row coenobia. A similar linear arrangement of cells in a coenobium is observed in Enallax acutiformis (Schröder) Hindák which was also found in the Číčovské mŕtve rameno oxbow (Hindák 1990; Hindák & Hindáková 1998b) . However, the latter species has cells with longitudinally list-like hyaline ribs.
According to Komárek & Fott (1983) , this species was recorded from tropical regions in S America (see also Hegewald et al. 1980) . Judging on published illustrations, it was also found in Europe, but was referred to by different names [e.g. S. acutus var. anteniformis Uherkovich (Uherkovich 1966 , Hegewald & Silva 1988 ]. The geographical distribution of the species is not very well known, although it is easily distinguished from similar species, namely by compact and slightly arcuated coenobia (cf. Hindák 1990). Our studied material originated from the littoral of the Číčovské mŕtve rameno oxbow, S Slovakia (Hindák & Hindáková 2008 ). Deflandre 1924 (Figs 50-55, 60 ) (?synonyms: Scenedesmus producto-capitatus var. planus Roll, see Korshikov 1953, Fig. 372D ; S. polyglobulus Hortobágyi 1959; S. polyglobulus forma sensu Comas & Komárek 1983) Coenobia in one row, without or with slightly alternating cells, 2-celled 5-7 µm in diameter, 4-celled 9-15 µm long, linear, without mucilaginous envelopes. Cells elongated, inner cells straight, outer cells slightly bent to lunate, 6-12 × 2-3 µm. Cell ends attenuated, with several short teeth-like spines at apexes; similar spines sparsely developed on lateral parts of outer cells.
Scenedesmus incrassatulus

*Scenedesmus parisiensis
Due to the formation of 2-4-celled coenobia and short teeth-like apical and lateral spines, the studied specimens appear to represent S. parisiensis Deflandre (see Hegewald & Silva 1988) . Similar coenobia were also found in Scenedesmus producto-capitatus var. planus Roll (cf. Korshikov 1953) , S. polyglobulus Hortobágyi 1959 and S. polyglobulus forma sensu Comas & Komárek 1983 (see Komárek & Fott 1983 . In the cells of S. polyglobulus instead of teeth-like apical spines, brown globular incrustations are developed. However,
